Bursaphelenchus doui
was originally described from coniferous packaging material imported from Taiwan and Korea to continental China . However, its host tree species and vector insect have yet to be identified in nature.
We studied two Japanese isolates of B. doui. One population was obtained from the tracheal system of Monochamus subfasciatus Bates in Tokyo, and the other was isolated from a dead Japanese red pine, Pinus densiflora Sieb. & Zucc., in Shizuoka prefecture, Japan. Both isolates were observed by light microscopy and com-pared with the original description of Braasch et al. (2005) . The DNA sequences of near full length small subunit (SSU), internal transcribed spacer (ITS) region (ITS1, ITS2 and 5.8S rDNA) and D2D3 expansion segment of large subunit (LSU) were determined for both isolates, and the SSU and LSU sequences were compared with those of some other Bursaphelenchus spp. to determine its phylogenetic position within the genus. The pathogenicity of B. doui to the Japanese black pine, Pinus thunbergii Parl., which is highly susceptible to pine wilt disease, was also tested by field inoculation.
Materials and methods

ISOLATION OF NEMATODES AND MORPHOLOGICAL
OBSERVATIONS
Three adults of M. subfasciatus were collected from Tama Forest Science Garden of Forestry and Forest Products Research Institute (FFPRI), 1833-81 Todori, Hachiohji, 193-0843 Tokyo, Japan, on 28 June 2006. The beetles were dissected and examined for the presence of nematodes. Dauer juveniles were recovered from a female beetle and were transferred to a mat of Botrytis cinerea Pers. growing on 2% (w/v) malt extract agar (MEA). The successful culture was maintained in the laboratory (culture code NK204). Adult nematodes from the culture were observed with a light microscope and identified as B. doui. Another culture (code NK217), initiated from a population obtained in 1995 from a dead Japanese red pine, P. densiflora, in Izu region, Shizuoka prefecture, Japan, and kept at the FFPRI nematode culture collection, was also identified as B. doui based on its morphology and molecular sequence.
Adult nematodes of NK204 and NK217 were isolated from 2-week-old cultures on B. cinerea-MEA using the Baermann funnel technique. Most of the specimens isolated were heat-killed at 65
• C, fixed in TAF, processed through a glycerol-ethanol series using Seinhorst's method and mounted in glycerin according to the method of Maeseneer and D'Herde (Hooper, 1986) . Voucher specimens observed and measured in the present study were deposited in the FFPRI Nematology Collection with slide numbers: Bursaphelenchus doui #204 F-01-20 (20 females) and M-01-20 (20 males) and Bursaphelenchus doui #217 F-01-20 (20 females) and M-01-20 (20 males). Additional material from the same source as the vouchers is available upon request to the authors.
MOLECULAR PROFILES
Samples of B. doui DNA were prepared as described by Ye et al. (2007) . The DNA base sequences of partial ribosomal DNAs (= near full length SSU, 5.8S, ITS 1, and ITS 2: ca 2.5 kb, and the D2D3 expansion segment of LSU: ca 0.7 kb) were determined for both isolates of B. doui following the methods described by Iwahori et al. (1998) and Ye et al. (2007) . Amongst the loci sequenced we chose SSU and D2D3 LSU rDNAs for phylogenetic comparison as these are suitable for comparison within the genus and group (Kanzaki & Futai, 2002a; Kanzaki, 2006; Ye et al., 2007) . The molecular phylogenetic status of B. doui both within the genus and within the xylophilusgroup was determined by maximum likelihood analysis with 1000 bootstrap replications using the computer program TreeFinder (version: updated on May 2006; latest version available online at: http://www.treefinder.de). The species names and GenBank accession numbers of the sequences compared with those of the Japanese B. doui are shown in the phylograms.
The ITS and D2D3 of Japanese populations were compared with those of the other isolates of B. doui deposited in the GenBank database in order to examine intraspecific sequence variation. An ITS sequence of a Taiwanese population (accession number: AM157743; strain: NE26/04) and a D2D3 sequence from an unknown geographical source, probably China (accession number DQ899733) were used for comparison.
The ITS-RFLP profiles of B. doui were obtained following Burgermeister et al. (2005) , and the DNA fragment sizes were calculated based on the DNA base sequence of the ITS region by using the restriction site/fragment lengths analysis of the computer program BioEdit v. 7.0.5 (available online at: http://www.mbio. ncsu.edu/BioEdit/bioedit.html). The profiles were compared with those obtained in the original description and those of NE26/04 calculated from the sequence.
HYBRIDISATION TESTS
The occurrence of a F1 generation was examined using a hybridisation test. The test was conducted using a method of single-pair reciprocal crosses between NK204 and NK217. The pairs consisted of a fourth-stage female juvenile of NK204 and a male adult NK217 or a fourthstage female juvenile of NK217 and a male adult NK204. Nematodes were placed individually on B. cinerea growing on PDA agar in a 3 cm diam. Petri dish and incubated at 23
• C (n = 20 plates for each combination). The Petri dishes with nematodes were observed daily for 2 weeks to examine the occurrence of F1 and its subsequent propagation. When the F1 and successive generation propagated to more than 100 nematodes in each Petri dish, the cross was considered successful. The 20 pairs of NK204 J4 %×NK204 & and NK217 J4 %×NK217 & were also examined as control crosses. The ratio of successful crosses was compared between two interbreeding treatments and two control crosses using the χ 2 test.
INOCULATION TEST
Two species of nematodes, B. doui NK217 and B. xylophilus (laboratory culture 'Ka-4', originally obtained from Kasama, Ibaraki, Japan), were used for this inoculation test. Bursaphelenchus doui, reared on a fungal mat of B. cinerea, was isolated using the Baermann funnel technique and a suspension (100 000 nematodes/1 ml distilled water) was prepared on 25 July 2002. The inoculum was composed of mixed-age fungal feeding (propagative) phase and the dispersal fourth-stage (dauer) juvenile was not included. Twelve 5-year-old Japanese black pine, P. thunbergii, trees (ca 2.5 m height) planted at the nursery of Chiyoda Experimental Station of FFPRI, Kasumigaura, Ibaraki, Japan, were inoculated with 10 000 individuals of B. doui (0.1 ml of the suspension). As positive and negative controls, 12 trees were inoculated with 10 000 individuals of B. xylophilus, and another 12 with 0.1 ml of distilled water, respectively. The trees were examined for external disease symptoms every month after inoculation for 5 months.
Results
MORPHOLOGICAL OBSERVATIONS
Morphometric values of the original B. doui description and the Japanese populations are compared in Table 1 . There were no clear differences in morphometric values between populations. The general morphological features were as described by Braasch et al. (2005) , although an additional morphological feature was found in the present study. In females, a distinctive ventral mucron was originally described as ". . . 2-4 µm length that tapers, sometimes appearing hairlike". In our observations, the mucron was relatively difficult to distinguish from the tapered tail, some individuals having a tapering mucron, narrowing in a step-like manner (Fig. 1 ).
MOLECULAR PROFILES AND PHYLOGENY
The DNA base sequences in the present study were deposited in the GenBank database with the accession numbers, AB299223 (NK204) and AB299224 (NK217) for SSU-ITS1-5.8S-ITS2 rDNAs and AB299225 (NK204) and AB299226 (NK217) for D2D3 LSU rDNA. There was an ITS sequence variation within individual nematodes of NK204 and the variation affected the ITS-RFLP profile ( Fig. 2; Table 2 ).
Both SSU and LSU rDNA phylogenetic trees (Figs 3, 4) show that B. doui is clearly included in the xylophilusgroup and is probably close to B. luxuriosae and B. conicaudatus (Fig. 4) , although the bootstrap support was too low to make a definite statement.
The ITS-RFLP profiles obtained in the present study are shown in Figure 2 and Table 2 . The profiles derived from a sequence type of NK204 (ITS-RFLP Type I: see Fig. 2 and Table 2 ) were identical to those reported by Braasch et al. (2005) in the original description of the species (Type I), but were slightly different from those of the other sequence type of NK204 (Type II), NK217 (Type II) and Taiwanese NE26/04 (Type III) ( Fig. 2 ; Table 2) . Tables 3 and 4 show the sequence differences in ITS and in D2D3 LSU between the two Japanese populations and NE26/04 (ITS) and DQ899733 (D2D3). In total, 14 substitution sites were found within 981 bp of ITS and three substitution sites were found within 742 bp of D2D3 LSU. The SSU sequences of both Japanese populations were identical.
HYBRIDISATION TESTS
The ratio of successful crossing of NK204 %×NK217 & (15 dishes: 75%) and NK217 % × NK204 & (18 dishes: 90%) did not differ significantly from those of NK204 %× NK204 & (19 dishes: 95%) and NK217 % × NK217 & (16 dishes: 80%) (P = 0.27; χ 2 test).
INOCULATION TEST
Although an individual host was killed during the inoculation experiment by a natural infection of B. xylophilus, the other trees inoculated with B. doui did not show any wilting symptoms. Bursaphelenchus doui was not isolated from the tree killed by B. xylophilus, although many B. xylophilus individuals were. All hosts inoculated with B. xylophilus were killed within 3 months after inoculation (= until 23 October 2002), and trees inoculated with distilled water did not show any wilting symptoms.
Discussion
In the present study, two Japanese isolates of what appeared to be B. doui were obtained. These two populations were confirmed as conspecific based on their successful interbreeding and were attributed to B. doui on molecular and morphological traits. Furthermore, a morphological 8-9 8.5 ± 0.4 8 .5 ± 0.6 8 .5 ± 0.7 8 .5 ± 0.8 (7.5-9.5) (7.5-9.5) (7.5-9.5) (7.5-9.5) Lip height 4 4.0 ± 0. not given not given 9.5 ± 0.8 1 7 .0 ± 1. variation in the form of the female mucron, several morphometric values and several molecular sequence variations were ascribed to the species. Variation of the female mucron shape within and amongst populations is known in B. xylophilus. For example, Bolla and Boschert (1993) examined the morphological variation, chromosome number and hybridisation affinity amongst Japanese, USA and Canadian isolates of B. xylophilus and confirmed that the difference between the 'R form' (possessing a rounded tail), and the 'M form' (possessing a mucronate tail) is an intraspecific variation. Mamiya and Kiyohara (1972) also described the occurrence of short mucron in a Japanese isolate of B. xylophilus which is basically an 'R form' population. Brzeski and Baujard (1997) and Kanzaki and Futai (2007) reported several intraspecific morphometrical variations (120), (170), (280), (330) 110, 114, 165, 264, 328 110, 114, 165, 264, 328 110, 114, 165, 264, 328 RsaI GT/AC (240), (310) Table 1 ). Our material was obtained from 2-week-old B. cinerea cultures on 2%MEA, but culture conditions, e.g., nutrient condition and media additives, might affect nematode morphometrics as reported for B. seani by Giblin and Kaya (1984) . When comparing molecular sequences, 14 and three substitution sites were found in 981 bp of ITS and 742 bp of D2D3, respectively. In B. mucronatus, a close relative of B. doui, 11 substitution sites were found among seven D2D3 LSU sequences (GenBank accession numbers AY508086, AY508087, AY508088, AY508089, AY508090, AY508091 and DQ364688) and 30 substitution sites and five deletion/insertions were found amongst six ITS sequences (GenBank accession numbers U93554, DQ841162, AY347916, AY347915, AY347914 and AM179514). Differences in the molecular sequence amongst B. mucronatus isolates partially reflect geographic origin (see Ye et al., 2007) . In addition, Kanzaki and Futai (2002b) reported mitochondrial sequence variation within B. conicaudatus populations derived from geographical isolates. Thus, molecular variation amongst B. doui populations may reflect some kind of geographical variation. Bursaphelenchus doui is probably distributed in Asian countries as the species has been found in Taiwan, South Korea, China and Japan Gu et al., 2006) . Further sampling and molecular analysis may reveal the precise distributional range and geographical variation of B. doui. 
The vector beetle of B. doui was identified as M. subfasciatus, a species of longhorn beetle. The developmental stage of the B. doui dauer, i.e., third-or fourth-stage dauer, was not determined as all dauers recovered were used to establish the culture. However, vector usage of B. doui, i.e., dauer juveniles that entered Monochamus tracheae, seems similar to those of the other xylophilusgroup species, namely, B. baujardi, B. conicaudatus, B. crenati, B. eroshenkii, B. fraudulentus, B. kolymensis * , * Suspected to be a junior synonym of B. mucronatus . (Kanzaki & Futai, 2003a; Walia et al., 2003; Gu et al., 2005; Ryss et al., 2005; Penas et al., 2006) . The relationship between B. doui and M. subfasciatus supports the hypothesis that the xylophilus-group-Lamiini relationship began with the ancestor of the xylophilusgroup and has been maintained during subsequent speciation (Kanzaki & Futai, 2003b Kanzaki & Futai, 2003a, b; Ryss et al., 2005; Penas et al., 2006) . Further field surveys on Lamiini beetles and molecular phylogenetic analysis on both nematodes and beetles may be needed to confirm the cospeciation/co-evolution hypothesis.
Bursaphelenchus doui described in the present study was isolated from coniferous packaging materials , and also isolated from P. densiflora. However, we assume that the potential risk of B. doui for pine species is relatively low as B. doui did not produce any significant wilting symptom on Japanese black pine, a species highly susceptible to pine wilt. Kanzaki and Futai (2006) reported that B. mucronatus, which is generally ** Rühm (1956) isolated B. fraudulentus from frass of Cerambyx scopolii and Trypophloeus granulatus. As it was not isolated from a beetle, the natural vector of the nematode is still unknown.
considered to be avirulent, could kill shaded (weak light condition) Japanese red pine seedlings and cause 65% mortality. Braasch (2000) reported that the mortality of P. sylvestris inoculated with B. mucronatus was increased by extreme drought and/or high temperature. Thus, additional pathogenicity tests under various conditions may be needed to evaluate precisely the potential risk of B. doui.
Monochamus subfasciatus, the vector of B. doui, is an euryphagous species that usually feeds and oviposits on broad-leaved trees, although it has sometimes been reported on conifers as well (Kojima & Nakamura, 1986; Kusama & Takakuwa, 1995) . In the present study, the tree species from which the vector beetle emerged was not identified, although the euryphagy of M. subfasciatus suggests that B. doui is usually an inhabitant of dead broad-leaved trees.
